This work focuses on inkjet printing applications for localized coating and functionalization. Because of its high resolution regarding droplet generation and deposition, inkjet printing enables the coating or patterning of substrate surfaces more precisely than dip-or spray-coating. Here, the initial results of printing polymeric coatings and patterns of Poly(2-ethyl-2-oxazoline (PetOx) are presented. PetOx is a nontoxic and biocompatible polymer and it has already been shown to provide protein repellent surfaces [14] [15] . Reducing the nonspecific adsorption of proteins on surfaces can be of great importance for bionanotechnological, bioanalytical and biomedical applications, e.g. anti-fouling coatings within the fields of biosensors, pharmaceutical packaging, drug delivery systems or microarrays [16] [17].
Materials and methods

Materials
The water-soluble polymer PetOx with an average molecular weight of Mw ~ 50,000 g/mol was purchased from SigmaAldrich (Sigma Aldrich Chemie GmbH, Germany). For inkjet printing experiments 5 g of PetOx were dissolved in 100 ml distilled water. The solution has a viscosity of η ~ 4 mPas at 20°C. The solution can therefore be processed with inkjet printheads.
Inkjet printing parameters
The inkjet printing process was performed by using a Nanoplotter 2.1 (GeSiM mbH, Germany) equipped with a piezo-driven drop-on-demand printhead NanoTip J (Fig. 1) . For droplet ejection on demand, the printhead has a Abstract: Inkjet printing has become essential for pharmaceutical research as well as biomedical applications. It is a promising tool to meet future challenges in patientindividual designed pharmaceuticals and implants. In this context, the main areas of use are high-throughput screening (HTS), drug-loaded microparticles, drug formulation and oral dose development, 3D-printing/bioprinting as well as coating of implants. This study deals with the latter. In view of promising applications for localized coating and functionalization of implant surfaces this work shows preliminary results on inkjet printing of the polymer poly(2-ethyl-2-oxazoline) (PetOx), a protein repellent polymer (PRP). To deposit single droplets with small volumes (~500 pl) of aqueous PetOx solution (50 g/l), printing parameters were determined for the piezo-driven drop-ondemand inkjet printhead NanoTip J, operating in a Nanoplotter 2.1 (both from GeSiM mbH, Germany 
Introduction
Looking forward, it is most likely that in the coming years, inkjet printing will drive innovations in personalized medicine [1] [2] . Inkjet printing is a versatile non-contact technique that is used to deposit picolitre-scale volumes of piezoelectric actuator that is deformed upon the application of a pulse train that is defined by the magnitude of voltage, the pulse length and the frequency. The experiments were performed with the following printhead operating parameters: magnitude of voltage = 80 V, pulse length = 50 µs and frequency = 100 Hz. Each pulse results in the ejection of a single droplet followed by a smaller satellite droplet with total fluid volume of approximately 500 pl. The droplet speed is in the range from 3 to 4 m/s. The experiments were performed at ambient atmosphere at a temperature of 20 °C. For process monitoring the Nanoplotter features stroboscope imaging. (Fig. 1 ). 
Polymer depositing
Droplets of aqueous PetOx-solution are deposited on hydrophilic glass substrate (θ = 20°) using the described inkjet printing process. The distance between the tip of the printhead and the substrate is 1 mm. Droplet depositing is followed by drying of the droplets by solvent evaporation in ambient air at a temperature of 20 °C, leading to a thin residual polymer layer. At first, single spots containing 1, 10 or 100 droplets are printed to evaluate spot diameter as a function of the number of droplets of the respective spot. Second, single droplets are printed to form lines. The line morphology is investigated for various values of droplet spacing as well as drying time in the printing process. The morphology of printed spots and lines is analyzed after a drying time of some hours with a light microscope (BX51, Olympus Deutschland GmbH, Germany) and a confocal laser scanning microscope (LEXT OLS4000, Olympus Deutschland GmbH, Germany). Table 1 shows the diameter of printed spots in relation to the number of droplets of the respective spot. There is a high reproducibility of the spot diameter. As expected, the spot diameter increases with increasing number of printed droplets. Since the deposited droplets form a volume with curved shape on the glass substrate, the resulting diameter mainly depends on the number of droplets and the contact angle. In addition, the printed spots show the well-known coffee-ring effect, as portrayed in Fig 2. The coffee-ring effect describes the phenomenon that when a drop of liquid dries on a solid surface, its suspended particulate matter is deposited in a ring-like fashion [18] . Considering the measured diameters of single spots, droplet spacing of approximately s < 200 µm can result in an overlap of spots. During the printing process, the droplets were deposited directly one after another in a row. As can be seen in Fig. 3 , the line is partly interrupted and bulged. Increasing droplet spacing to a value of s = 90 µm leads to a resulting line of deposited polymer with a more homogeneous and near uniform morphology (Fig. 4) . These results match with findings described in the literature, e.g. [19] [20] [21] . If the droplet spacing is too small, there is bulging instability of the lines and a liquid bead can form as result of coalescence of droplets. As can be seen, the printed lines also show the coffee-ring effect at the edges of the lines.
Results and discussion
Printing of single spots
Printing and stacking of lines
The morphology of the polymer lines can also be varied in another way by increasing the drying time of the deposited droplets. Fig. 5 shows a line of 5 droplets, printed by the following steps: first, three single droplets were printed with droplet spacing of 200 µm. Second, there was a drying time of some seconds. Because of the small amount of fluid, a short drying time was suitable to form solid spots. As a result of the high droplet spacing, there is no overlap between resulting spots but instead there is a small gap. Third, the last step, which here is called "spot-connecting": a pair of two dried spots were connected by depositing a third droplet in the gap between the two dried spots. As a result, the printed line has a morphology similar to "stacked coins". It is notable that this printing strategy enables the experimenter to influence the height of a printed line by stacking multiple droplets. In addition, the shown process of "spot-connecting" enables time-efficient line printing, because delay-free printing without risk of coalescence-driven bulging and interruptions as it is shown in Fig. 3 is possible. Also noteworthy is the possibility to combine these described effects, which has potential for localized coating applications as shown in Fig. 6. 
Conclusion
We have shown the initial results of coating and patterning experiments with the protein repellent polymer PetOx using inkjet printing. Different morphologies of printed lines dependent on the printing parameters are demonstrated and interpreted. Printing parameters such as droplet spacing or the drying time of the deposited droplets are shown to play an important role. Furthermore, printing and stacking of almost uniform polymer lines were performed and a concept for a time-efficient coating process using inkjet printing is suggested ("spot-connecting"). In conclusion, our results match with those found in the literature and the reported high potential of inkjet printing for coating applications can be identified, e.g. for high-precision small area coatings.
